In order to practice green chemistry, a simple and safe spectrophotometric method for iodide determination has been successfully developed based on the formation of a blue starch-iodine complex. Iodide was oxidized to form iodine prior to the addition of a starch solution, and the blue starch-iodine complex was directly detected spectrophoto-metrically at a wavelength of 615 nm. The chemical parameters, such as type, reaction time, as well as concentration of oxidizing agents and solution pH were optimized with respect to sensitivity and analysis time. The method showed optimum results under iodate oxidant with a mol ratio of IO 3 -:I -=1:3, reaction time of 5 minutes, and solution pH of 5. Under these optimum conditions, the method showed linierity measurements from 5-40 mg/L iodide with a correlation (R 2 ) of 0.9889. This technique offers a simple, safe, accurate, and relatively fast method for iodide determination, which is prospective for monitoring iodide samples.
Introduction
The importance of developing a method for iodine determination is obvious. The concentration of iodide in urine can be used as an indicator for monitoring iodine deficiency disorder (IDD), which gives rise to hypothyroidism leading to mumps disease and mental retardation [1, 2] . Although the effort to overcome iodine deficiency by consuming iodized salt has long been encouraged, IDD is still a problem in various regions of Indonesia, especially for those who live in mountainous area that lack sources of iodine.
Measurement of iodine in urine is very important to detect iodine deficiency before clinical symptoms arise, because the levels of iodine in urine can reflect the intake of iodine into the body [2] . Thus, monitoring iodide in urine is preferable compared to clinical diagnosis as it can prevent IDD. Analysis of iodide is also very essential for controlling iodide in table salts or potassium iodide tablet used for IDD treatment due to the eventual loss of iodine during the salts' treatment and long storage [3] as well as monitoring iodide in sea water, and in other pharmaceutical products, such as antiseptics and disinfectants.
There are many analytical methods available for detecting iodine and its various species in complex matrices. Most spectrophotometric methods for iodide determination, including the standard spectrophotometric method, are based on the reaction found by Sandell and Kolthoff [4] . However, this method uses an arsenic reagent, which is carcinogenic, and the reaction steps are complicated. Another standard method for iodide determination is based on the oxidation of iodide by persulfate to form iodine using leucocrystal violet as an indicator [4] . Nevertheless, this indicator is expensive and not available in ordinary laboratories and markets. Koh, et al. (1988) proposed a spectrophotometric method based on the extraction of an oxidized form (iodine) into carbon tetrachloride followed by back extraction of iodide into 1,2-dichloroethane as an ion pair with methylene blue detected at 657 nm. The method gave a molar absorptivity of 3.15 x 10 5 L/mol.cm, and a linear calibration graph was obtained over the iodide concentration range of 7.5x10 -8 -3x10 -6 mol/L. The proposed method was successfully applied to the determination of various amounts of iodide in natural water samples [5] . Determination of iodide at trace levels has also been reported based on the inhibitory effect of iodide on the Pd(II)-catalyzed reduction of Co(III)-EDTA by the hypophosphite ion in a weak acid medium. The measurements were conducted by monitoring the absorbance-time curves (the A = f(t) curve) at 540 nm in order to obtain the slope (dA/dt) for each sample run. Then, the concentration of iodide was determined by plotting the slope to calibration graph of dA/dt versus the standard iodide concentration. This method gave a linear relationship (r = -0.9878) in the range of 2-35 ng/mLwith a detection limit of 1.2 ng/mL [6] . Another kinetic spectrophotometric method was reported based on a catalytic effect of iodide on the reaction between Janus Green and bromate in an acidic media. The proposed method is suitable for the determination of iodide in food samples from 0.5-190 µg/L [7] . The catalytic behavior of iodide in the oxidation of variamine blue, methylene blue, rhodamine B, and malachite green has also been used for developing iodide spectrophotometric determination by measuring the change of the absorbance dyes. This method offers highly sensitive and selective methods for trace amounts of iodide in pharmaceutical and edible salt samples in the range concentrations of 0.064-1.27 µg/mL, 3.20-9.54 µg/mL, 5.00-19.00 µg/mL, and 6.54-19.00 µg/mL for the respective dyes of variamine blue, methylene blue, rhodamine B, and malachite green [8] .
A flow-injection spectrophotometric method was also reported for the determination of iodide in ground and surface water. The method was based on the catalytic destruction of the color of the Fe(III)-SCN − -CP + -nBPy quarternary complex. The detection limit of the method was reported to be 0.1 ng m/L of iodide [9] . Another report showed a sensitive spectrophotometric method for the determination of iodine species like iodide, iodine, iodate, and periodate. The method involved oxidation of iodide to ICl 2 -, which bleached the methyl red color measured at 520 nm. The measurement was based on the decrease in the color intensity of the dye, and the intensity was linear in the concentration range of 0-350 µg/L. The method resulted in a molar absorptivity of 1.73 x 10 5 L/mol . cm with a correlation coefficient (R 2 ) of -0.9997, and a relative standard deviation of 3.6% (n=10) [10] . The catalytic effect of the iodide catalyst on a 4,4'methylenebis(N,N'-dimethylaniline)-chloramine-T reaction has also been used as the basic method for measuring iodide in sequential injection system with linearity of measurement over a range of 0.1-6.0 µg/L [11] .
Recently, a spectrophotometric method for iodide determination was reported based on the electrochemical oxidation of iodide to iodine at a platinum electrode followed by the extraction of ionic associates of iodineiodide complexes with a brilliant green in CCl 4 . The slope of the calibration curve yielded a molar extinction coefficient of ɛ of 3·10 5 L/mol . cm. This method can be used for the quantification of iodide in the concentration range of 3·10 −7 − 3·10 −6 mol/L with a detection limit of 5·10 −8 mol/L and was successfully applied for the determination of iodide in real samples with a relative standard deviation of 1-2% [12] .
Unfortunately, most of those methods involved complicated procedures and reagents which are either carcinogenic, costly, or of limited availability. Besides, to support green chemistry, the project method of analysis should be designed using less harmful chemicals and chemical processes to human health and the environment [13] . Meanwhile, iodine is characteristically determined by a safe and simple starch reagent to form an iodinestarch blue complex. This reaction is commonly used in qualitative analysis to identify the presence of iodide. Although this complex is insoluble in water, based on the previous investigation, under a very low concentration of iodine, it forms a clear blue solution. The formation of starch-iodine has been adopted in a flow system for iodate determination in iodized salt [14] . This reaction has also been applied in a flow system by employing a dichromate oxidizing agent as the donor stream and a gas diffusion cell consisting of a hydrophobic membrane to permeate iodine prior to reaction with starch acceptor stream. However, this method is designed for determining a high concentration of iodide (50-300 mg/L) or an extremely high concentration of iodide (6000-10000 mg/L) by adding dialyzer for the dilution process [15] .
Therefore, the goal of this work is to create a simple and safe spectrophotometric method for iodide determination based on the formation of a blue iodine-starch complex using colorless oxidizing agents of iodate and perchlorate. Thus, iodine-starch complex can be directly detected without the separation of iodine or the elimination of the excess of colored oxidizing agent. The method is also designed to fill the gap of the available methods for iodide determination between a trace level and a high level of iodide.
Materials and Methods
Materials. De-ionized water was used for the preparation of solutions. Stock solutions of iodide, iodate, and persufate were prepared by dissolving the appropriate amount of KI (Merck), KIO 3 (Merck), K 2 S 2 O 8 (Merck), and H 2 SO 4 (Merck) respectively in deionized water. A starch solution of 1% was prepared by dissolving 1 g of starch (Sigma) in hot water and added with preservative. All chemicals and solvents used were of analytical reagent grade. Working solutions were prepared by appropriate dilutions of the stock solution.
Instrumentation.
A Shimadzu 1601 UV-Vis spectrophotometer and a Bosch Spectronic 20 visible spectrophotometer were used for scanning and absorbance measurements.
Optimization of maximum wavelength. Maximum wavelength was carried out by mixing an iodine solution with a starch solution. Then, the obtained blue solution was scanned using the UV-Vis spectrophotometer from 400-800 nm.
Optimization of the reaction time of oxidizing agents.
The optimization was carried out in such a way that only one parameter changed at a time while the other parameters were maintained constant. The experiments were optimized to obtain an effective oxidizing agent and the optimum time for oxidizing iodide to iodine. Two colorless oxidizing agents potential to oxidize iodide to iodine were chosen and optimized with respect to time of oxidation. This investigation was conducted by reacting iodide with each of oxidizing agents, followed by the addition of starch solution to form a blue iodine-starch for detection. When iodate was used as the oxidizing agent, the solution was acidified with sulfuric acid (pH= 1). Absorbance of the formed blue solution was measured under different times, from 1 to 30 minutes for iodate and from 1-120 minutes for persulfate.
Optimization of iodate concentration. The concentration of iodate as an oxidizing agent was optimized to ensure the complete oxidation of iodide to iodine, forming a blue iodine-starch complex. This experiment was conducted by varying the concentration of iodate from 1.10 -3 M to 9.10 -3 M.
Optimization of pH Solution. The pH of iodide solution was optimized under the optimum time of oxidation and the optimum concentration of the oxidizing agent by adding sulfuric acid solution to obtain solution in the range pH of 1-3. ) . In order to determine the linearity of measurement of iodide, a series concentrations of iodide were reacted with the optimum concentration of iodate, under the optimum time of oxidation, and with the optimum pH solution. Then, the blue complex of iodinestarch was detected at 615 nm.
Optimization of Iodide Concentration (Linearity of Measurement

Results and Discussion
The simple characteristic reaction to identify iodide based on the formation of an insoluble blue iodine-starch complex was used for developing quantitative method for iodide determination. This is because the blue iodinestarch complex showed a clear blue solution under a low concentration of iodine as shown in Figure 1 .
Optimization of maximum wavelength. It is a basic requirement in spectrophotometry to establish the maximum wavelength of an analyte prior to analytical method development as it provides the best sensitivity. The visible absorption spectrum of the iodine-starch complex scanned from 400 to 800 nm is depicted in Figure 2 . The spectrum shows that the maximum absorption band is obtained at 615 nm. Thus, the absorption band at 615 nm was chosen as the basis of measurement. The effect of oxidant types (iodate and persulfate) and time of oxidation were studied separately, as illustrated in Figures 3 and 4 . It is clear from Figure 3 that the absorbance of iodine-starch formed (absorbance) increases with increasing time up to 5 minutes. No change in absorbance was observed when the time was increased from 5-9 minutes. This indicated that, under these conditions, the complete oxidation of iodide to iodine forming a blue iodine-starch complex has occurred. At a further increase of reaction time (after 9 minutes), the absorbance decreased due to the instability of the complex, which may be caused of the iodine loss as the aqueous iodine exerts a significant vapor of iodine.
When persulfate was used as an oxidizing agent, the absorbance of iodine-starch complex was increased by increasing the time of reaction with a maximum absorbance of 0.4 AU (at 90 minutes). The absorbance remained constant at reaction times from 90-120 minutes (Figure 4 ). Oxidation of iodide using persulfate was kinetically slow compared to using iodate. However, the absorbance at the optimum reaction time using persulfate is slightly higher than using iodate (0.40 AU for persulfate and 0.35 AU for iodate). By considering the time of analysis, iodate was chosen for further investigation.
Optimization of Iodate Concentration. The influence of an iodate concentration was examined to optimize the formation of the blue iodine-starch complex. The effect of concentration on absorbance is illustrated in Figure 5 .
It can be seen that maximum absorbance is reached for an iodate concentration of 0.006 M in which the mol ratio of iodate to iodide, IO 3 -: Iequals 1:3.
However, when the concentration was increased from 0.003 to 0.009 M, the absorbance decreased, which may be due to the iodine loss. The higher concentration of iodate, the more iodide was oxidized to iodine; thus lessen the iodide presents which bound the volatile iodine to triiodide (I 3 -) complex. Therefore, the further increase of iodate concentration increased the loss of iodine forming blue starch-iodine complex. Based on these results, 0.003M iodate was considered to be the optimal concentration under the relevant experimental condition and used for the subsequent experiments.
Optimization of pH solution. Oxidation of iodide by iodate is performed under acidic conditions; therefore, the acidity of the reaction was optimized in order to achieve maximum oxidation of iodide to iodine. The solution's pH was conducted by adding sulfuric acid to obtain a solution pH of 1-3. It was found that maximum absorbance of starch-iodine was attained at a solution pH of 2 ( Figure 6 ). No further increasing absorbance was observed for a lower pH down to a pH of 1. A solution pH of 1 was selected to ensure adequacy of acid for oxidation. Linearity of the measurement. Under the optimum conditions outlined above (i.e., iodate as an oxidizing agent with a concentration of 0.003 M, a reaction time of 5 minutes, and an acidic condition of H 2 SO 4 [pH 1], the method was found to be linear (y = 0.0116x + 0.2861, R 2 = 0.9889) for concentrations of iodide in the sample from 5-40 mg/L (Figure 7) with an analysis time of 5 minutes. This method can fill the gap of the available spectrophotometric methods that offer measurement of iodide for trace levels [5] [6] [7] [8] [9] [10] [11] and a high level [15] . Besides its simplicity, this method employed safe, green, and low-cost reagents, while other methods involved complicated measurement [4] [5] [6] or consumed a toxic reagent [4] , organic solvent [5] , and organic reagents [7] [8] [9] [10] [11] [12] . 
Conclusions
The spectrophotometric method outlined above allows safe, simple, and sensitive determination of iodide over the range of 5-40 mgL -1 . This result suggests that the method mentioned above is prospective to be used for on-line iodide monitoring. However, the method is required to be validated prior to the application to real samples.
